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(54) Mechanically floating multi-chip substrate 



(57) A multi-chip module (122) includes a mechanically floated substrate (122) on which integrated circuit 
devices (1 26) are mounted. The substrate is locate within a heat exchanger (114 and 116). In one embodiment, 
a spring (1 24) or an array of springs biases the substrate upwardly to press the integrated circuit devices 
against a surface (130) within the heat exchanger. Another embodiment includes resting the substrate on a 
conformable membrane that is used to entrap a fixed volume of thermally-conductive liquid. 
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Mechanically Floating Multi-Chip substrate 

The present invention relates generally to 
integrated circuit packages and more particularly to 
5 modules having an array of integrated circuit chips 

electrically connected to a substrate contained within a 
housing. 

Multi-chip modules play an increasingly impor- 

10 tant role in the electronics industry. Integrated cir- 
cuit chips within a module may be functionally equiva- 
lent, such as an array of memory chips to provide a capa- 
bility of forty megabytes. Alternatively, the chips may 
be functionally related, such as a chip set comprising a 

15 read only memory chip, a random access memory chip, a 
microprocessor and an interface chip. 

As the number of chips confined within a single 
module increases, the importance of providing adequate 
cooling also increases. U.S. Pat. Nos. 5,006,924 to 

20 Frankeny et al., 5,001,548 to Iversen, 4,879,629 to 

Tustaniwskyj et al. and 4,750,086 to Mittal all describe 
use of a liquid coolant that is forced to flow through a 
multi-chip module to absorb thermal energy, whereafter 
the liquid coolant is removed from the module at an 

25 outlet port. Providing a liquid coolant loop through a 
module is an effective way of ensuring adequate cooling, 
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but is an expensive cooling method. Requiring a mecha- 
{ nism for providing a forced flow of liquid coolant would 
be cost inefficient in such applications as computer 
workstations. 

5 For small and medium scale applications in 

which forced liquid cooling is not a cost-efficient 
option, heat exchangers, or heat sinks, are used to 
dissipate thermal energy into the atmosphere surrounding 
a multi-chip module. Particularly for high power chips 

10 that generate a significant amount of thermal energy, 

this places an importance on the heat transfer interface 
of the chips to the heat exchanger. Ideally, contact is 
made between the integrated circuit chips and the struc- 
ture that begins the thermal path to the surrounding 

15 atmosphere. A difficulty with this ideal is that during 
the fabrication of a manufacturing lot of multi-chip 
modules, there will be dimensional differences among the 
modules and even among the various chips within a single 
module. For example, chips are often encased within a 

20 chip carrier before being mounted to a component surface 
of a substrate that is attached to the heat exchanger. 
The carriers may have slight differences in height and/ or 
the mounting of the carriers to the substrate may result 
in slight variations in height or angle with respect to 

25 the component surface of the substrate. Various fabrica- 
tion and machine tolerances are additive, so that the 
carriers within a multi-chip module will not have copla- 
nar upper surfaces. Bellows assemblies with forced 
liquid cooling for adaptation to individual chips or 

30 carriers of a module, such as described in the Hittal 

and Tustaniwskyj et al. patents, may be used where cost 
is not a major concern, but ensuring adequate contact 
between individual chips and a heat dissipating structure 
is more difficult in many applications. 

35 Alternatively, thermally conductive pillows may 

be placed between the heat spreader and the chips, as 
described in U.S. Pat. Nos. 5,000,256 to Tousignant, 
4,997,032 to Danielson et al. and 4,092,697 to Spaight. 
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For example, Spaight describes an electrically noncon- 
ductive film contacting a single chip at a first side of 
the nonconductive film and containing a thermal liquid 
material at a second side. 

It is an object of the present invention to 
provide a multi-chip module that achieves an adaptive 
heat transfer interface in a reliable, cost-effective 
manner. A further object is to provide a multi-chip 
module that achieves an adaptive heat transfer interface 
without forcing liquid cooling and that provides an 
electrical path to semiconductor chips of the module. 



The above object has been met by a stand-alone 
module in which integrated circuit devices, such as 
semiconductor chips or chip carriers, are caused to be 
displaced in order to adapt to a heat exchanger. The 
adaptive displacement may be in response to a difference 
in thermal expansion of the heat exchanger relative to 
the integrated circuit devices, and is accomplished by 
mechanically floating a substrate on which the devices 
are mounted. Thus, rather than incorporating a structure 
to allow a heat exchanger to adapt to relative positions, 
of integrated circuit devices, any adaptations at the 
device/exchanger interface are made by repositioning the 
substrate. 

The integrated circuit devices are mounted on a 
component surface of the substrate. The substrate is 
contained within a chamber of the heat exchanger and is 
mounted to allow the substrate to "float" within the cham- 
ber. In one embodiment, the substrate is biased to press 
the integrated circuit devices against an upper wall of 
the chamber. For example, one or more springs may be 
disposed between the substrate and a lower wall of the 
chamber to press the substrate upwardly. Preferably, the 
spring is packed within a thermal grease to provide a 
thermal path from the substrate to the heat exchanger, 



thereby providing a thermal flow path for the dissipation 
of thermal energy. This thermal flow path is in addition 
to the path originating at the device/ exchanger inter- 
faces . 

Mechanical floating can also be achieved by use 
of a conformal mechanism at the surface of the substrate 
opposite to the integrated circuit devices. A thin mem- 
brane that is parallel to the substrate is used to entrap 
a fixed volume of liquid. Preferably, the liquid is 
under pressure by the entrapment between the heat ex- 
changer and the membrane, so that the liquid presses the 
membrane outwardly. The pressure on the membrane ensures 
a compression contact of the membrane against the sub- 
strate, so as to press the integrated circuit devices 
against the heat exchanger. The membrane and the liquid 
preferably are thermally conductive. For example, the 
membrane may be a stainless steel member and the liquid 
may be distilled water having a concentration of an addi- 
tive to retard oxidation of the membrane and the heat 
exchanger. 

In another embodiment, an arrangement of a con- 
formable membrane and entrapped liquid is formed at both 
the upper and lower walls of the chamber that houses the 
substrate. Thus, the substrate and its integrated cir- 
cuit devices are mechanically floated between the two 
conformable membrane-and-liguid arrangements. 

An advantage of the above-described embodiments 
is that the floating substrate allows displacement of the 
integrated circuit devices in a manner to first achieve 
and then maintain desired device/exchanger interfaces. 
The position of the membrane can be adjusted to compen- 
sate for variation in the heights and/or the angles of 
the integrated circuit devices relative to the component 
surface of the substrate. Moreover, during operation of 
the module, compensation is possible for differences in 
thermal coefficients of expansion for the integrated 
circuit chips, the substrate and the heat exchanger. 
Depending upon the thermal coefficients, the ability of 
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the substrate to float within the chamber may provide a 
strain release or may provide a means for causing the 
integrated circuit devices to follow the outward expan- 
sion of the heat exchanger. 
5 The module preferably includes a flexible 

cable that channels signals and utilities to and from 
the substrate without interfering with the ability of 
the substrate to float within the chamber. 

In another embodiment , the module includes a 

10 substrate onto which the semiconductor chips are mechani- 
cally and electrically mounted. While not critical, the 
substrate is a silicon substrate and the chips are sur- 
face mounted using a solder bump technique. A silicon 
substrate provides a high degree of flatness, thereby 

15 reducing variations in thickness of the substrate as a 

source of non-coplanar chips. Moreover, silicon is bet- 
ter matched to the chips in terms of the thermal coeffi- 
cients of expansion than are standard printed circuit 
board materials. 

20 The heat exchanger is fixed to the substrate at 

the component surface of the substrate. A fluid-tight 
chamber is defined between the membrane and the heat 
exchanger. The fixed volume of liquid is contained 
within the fluid-tight chamber. Preferably, the liquid 

25 is under pressure by the entrapment between the heat 

exchanger and the membrane, so that the liquid presses 
the membrane outwardly. The membrane extends generally 
parallel to the chips. The liquid pressing against the 
membrane ensures a compression contact of the membrane 

30 against each semiconductor chip, regardless of variations 
in heights and angles. 

The membrane is made of an electrically conduc- 
tive material that forms an electrical path from the 
grounded heat exchanger to the back sides of the semicon- 

35 ductor chips. This grounding provides an advantage over 
typical prior art structures, since the grounding of 
chips containing CMOS devices is often desirable. 
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An advantage of the present invention is that 
it provides a conf ormal heat flow path from the chips to 
the heat exchanger. Heat is channeled from the chips to 
the thermally conductive membrane and liquid and then to 
5 the heat exchanger where the energy can be dissipated into 
the surrounding atmosphere. The conf ormal thermal inter- 
face not only allows adaption to differences in chip 
heights and chip angles resulting from manufacturing tol- 
erances, but also provides a strain release for chip ex- 

10 pansion during operation. The chip expansion varies with 
the thermal coefficients of expansion of the chips and 
the material used to form any chip carriers. Preferably, 
the stainless steel membrane has a thickness in the range 
of 0.0005 inch and 0.001 inch. A membrane that is too 

15 thin will be unreliably fragile, whereas a membrane that 
is too thick will not have the necessary conformity. 

. As compared to traditional packaging which 
merely employs a heat sink, the present invention 
achieves a greater cooling capability. This is particu- 

20 larly true where a second heat exchanger is attached 

to the substrate at the side opposite to the component 
surface. Optionally, integrated circuit chips may be 
mounted on both major surfaces of the substrate. The 
double-sided substrate can then be entrapped between 

25 two conf ormal interfaces, each comprising a thermally 

conductive membrane and a static body of liquid entrapped 
between the membrane and a heat exchanger. 

Utilizing the present invention, higher power 
integrated circuit chips can be placed closer together at 

30 a lower and more uniform temperature. Closer component 
spacing allows higher performance products, since elec- 
trical paths can be shortened. Moreover, lower component 
junction temperatures yield higher performance as well as 
increased component reliability. It is predicted that an 

35 improvement of thirty- four percent in the gate delay for 
CMOS circuits can be achieved. 

The present invention integrates structural 
support, protection from the external environment, radio 
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frequency shielding and a conformal heat transfer inter- 
face. Thus, replacement merely requires removing a 
module from a motherboard and plugging in a replacement 
module. Plumbing connections to an external source of 
5 liquid coolant are not necessary. Nor is it necessary to 
provide secondary housing to contain RF radiation, since 
grounding the heat exchangers sufficiently protects 
against RF radiation leakage - 

Also disclosed is a module having double-sided 

10 cooling . First and second heat sinks are mounted at the 
. opposed major surfaces of a multi-chip substrate. A 
first thermal energy flow path is from the chips to the 
first heat sink for dissipation into the surrounding 
atmosphere. A second thermal energy flow path is from 

15 the chips to the substrate and then to the second heat 
sink. The double-sided feature significantly improves 
the thermal characteristics of a multi-chip module. 
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Exemplary embodiments of the invention will now be 
described with reference to the following drawings, in 
which: 



Fig. 1 is a side sectional view of a multi-chip 
module having a double-sided heat exchanger and having a 
25 conformal heat interface. 

Fig. 2 is a side sectional view of a second 
embodiment of a multi-chip module having a conformal heat 
interface with an array of semiconductor chips. 

Fig. 3 is a side sectional view of a third 
30 embodiment of a multi-chip module, including integrated 
circuit chips mounted on opposed sides of a substrate 
that is floated mechanically in accordance with the 
present invention : 

Fig. 4 "is a side sectional view of a fourth 
35 embodiment of a multi-chip module, including a substrate 
that is floated mechanically by means of a biasing 
source . 

Fig. 5 is a side sectional view of a fifth 
embodiment of a multi-chip module having a mechanically 
floating substrate. 
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A. Conformal Heat Transfer Interface 

5 With reference to Fig. 1, a multi-chip module 

10 includes first and second heat exchangers, or heat 
sinks 12 and 14. The heat sinks include parallel fins 16 
and 18 that provide a greater surface area for dissipat- 
ing heat into the surrounding atmosphere. Finned heat 
10 sinks made of aluminum or an aluminum alloy are known in 
the art. 

The first and second heat sinks 12 and 14 are 
held together by two or more screws 20 and 22. The 
screws are externally threaded members that tighten into 

15 internal threads of the second heat sink. 

The first and second heat sinks 12 and 14 have 
center cavities that define a substrate chamber 24 when 
the heat sinks are fastened together. Within the sub- 
strate chamber 24 is a substrate 26 for the mounting of 

20 integrated circuit devices, such as chips 28, 30, 32, 34, 
36 and 38. In a preferred embodiment, the substrate 26 
is a silicon substrate. The silicon substrate provides a 
match of the thermal coefficient of expansion of the in- 
tegrated circuit chips 28-38. The matching of coeffi- 

25 cients is important in minimizing the potential of damage 
that can result from mechanical stresses induced during 
operation of the module 10. 

The solder bumps 40 electrically and mechani- 
cally connect the chips 28-38 to the silicon substrate 

30 26. The solder bumps are formed in a conventional manner 
on the input/output pads and the utility pads on the ac- 
tive side of the chips. While the chips are shown as 
being carrierless chips, this is not critical. Moreover, 
other methods of connecting the chips to the silicon sub- 

35 strate may be used. 

Circuit traces, not shown, along the silicon 
substrate 26 interconnect the integrated circuit chips 
28-38 and bring signals and utilities of the chips to and 
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f from an edge of the silicon substrate. A lead frame 42 

has inner lead ends 44 that are bonded to the edge of 
the silicon substrate at input/output contacts, not 
shown. Outer lead ends 46 extend to the exterior of the 
5 module 10 for connection to a connector, a printed cir- 
cuit board or the like. Preferably, the lead frame 42 is 
a multi-level assembly, having an array of generally par- 
allel metal leads on each level. However, other types of 
interconnect assemblies may be used. Additionally, the 

10 lead frame may extend from more than one edge of the sil- 
icon substrate. 

A pair of o-ring seals 48 and 50 protect the 
substrate chamber 24 from particle contaminants that may 
otherwise enter between the first and second heat sinks 

15 12 and 14. The lead frame 42 is trapped between the two 
seals 48 and 50. Strips of sealing tape 52 and 54 are 
also used to protect the substrate surface 24. In 
addition to protection from particle contaminants, the 
o-rings and the sealing tape prevent entrance of 

20 corrosion- inducing matter. In place of the o-rings, 
epoxy or polyimide may be injected. 

The passive side of each integrated circuit 
chips 28-38 is the major side opposite to the solder 
bumps 40. Ideally, the passive sides of the chips are 

25 coplanar. However, various manufacturing limitations 

will cause differences in the heights and the angles of 
the chips relative to each other and to the silicon sub- 
strate 26. As described above, one reason for forming 
the substrate 26 out of silicon is to provide a better 

30 matching of coefficients of thermal expansion, as com- 
pared to standard printed circuit board materials. A 
second reason for selecting silicon is that a greater 
degree of flatness can be achieved without difficulty. 
However, differences among the chips can still result 

35 from variations in such factors as solder bump attach- 
ment, tolerances in the formation of the substrate- 
contacting surface of the second heat sink 14, and 



variations in the fabrication of the chips themselves and 
any carriers that may be integral with the chips. 

Fig. 1 includes a conformal heat transfer 
interface between the chips 28-38 and the first heat 
sink 12, thereby compensating for any non-coplanarity 
among the passive sides of the chips. Compensation 
maximizes the efficiency of conducting thermal energy 
from the chips 28-38 to the atmosphere surrounding the 
module 10. 

A first element of the conformal heat transfer 
-interface is a metallic membrane 56. The metallic mem- 
brane should be thin, chemically stable and thermally 
conductive. A length of stainless steel having a thick- 
ness in the range of 0.0005 inch and 0.001 inch may be 
fastened to the first heat sink 12. Thinness is a con- 
cern for most thermally conductive materials because such 
materials typically are not easily conformed to the shape 
of contacting surfaces when the membrane is thick. How- 
ever, a membrane that is too thin is unreliably fragile. 
The membrane should be made of a ductile, tear-resistant 
material . 

As shown in Fig. 1, the ends of the metallic 
membrane 56 contact the first heat sink 12. The ends may 
be fastened to the first heat sink in any conventional 
manner which is heat-resistant. For example, fastening 
members, not shown, may be used or a heat-resistant 
adhesive may be employed. 

A portion of the metallic membrane 56 is spaced 
apart from the first heat sink 12 to define a second 
chamber in which a thermally conductive fluid 58 is con- 
tained. The volume of the fluid is such that it com- 
pletely fills the second chamber to provide a thermal 
path from the metallic membrane 56 of the first heat sink 
12 and so that the fluid exerts a pressure on the metal- 
lic membrane even when the module 10 is installed in a 
vertical position, rather than the horizontal position 
shown in Fig. 1. 
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The thermally conductive liquid preferably 
r includes distilled water, but this is not critical. 

The preferred liquid is distilled water with ten percent 
ethylene glycol. The ethylene glycol is antibacterial 
5 and retards oxidation on the aluminum heat sink 12 and 
metallic membrane 56. Substitutes are available. 
Phase-change salts which quickly give up energy when 
caused to boil are known, but are typically more expen- 
sive. A synthetic freon sold under the trademark 

10 FLORINERT by 3M Corp. may be substituted. However, in 
selecting a filler for the volume between the metallic 
membrane 56 and the first heat sink 12 , viscosity is a 
concern. The thermal coefficients of the semiconductor 
chips 28-38 and the aluminum heat sinks are not closely 

15 matched. The temperature within the substrate chamber 24 
may reach 100 # C. Thus, it is advantageous to have a 
filler that is easily displaced, such as distilled water, 
rather than a material such as grease which flows more 
slowly. 

20 In operation, the module 10 may be connected 

merely by attaching a connector to the outer lead ends 46 
of the lead frame 42. The connection of plumbing to the 
module is not necessary, since the thermally conductive 
fluid 58 is sealed within the module. During manufac- 

25 ture, the metallic membrane 56 conforms to variations in 
the heights and angles of the integrated circuit chips 
28-38. The thermally conductive fluid 58 provides a 
pressure for conforming the metallic membrane to the pas- 
sive sides of the chips, thereby providing an efficient 

30 heat transfer path from the chips to the first heat sink 
12. In Fig. 1, the integrated circuit chips 28, 30, 32 
and 34 have coplanar passive sides, while the integrated 
circuit chip 36 is slightly higher. The difference in 
height of the chip 36 does not detrimentally affect the 

35 thermal exchange relationship between either the chip 36 
and the metallic membrane 56 or the other chips 28-34 and 
38 with the metallic membrane. Rather, minor deforma- 
tions 60 and 62 of the membrane at opposite sides of the 



chip 36 ensure that the membrane lies in close contact 
with each of the integrated circuit chips. 

The integrated circuit chips 28-38 are not 
necessarily of the same type. Different chips within 
the module 10 may perform different roles and may have 
varying heat-generating characteristics. Thus, the 
integrated circuit chip 36 may expand to a greater degree 
than the remaining chips 28-34 and 38. Again, the con- 
formal heat transfer interface that comprises the 
metallic membrane 56 and the thermally conductive fluid 
58 will conform to variations among the chips. 

The metallic membrane 56 forms an electrical 
path from the integrated circuit chips 28-38 to the heat 
sink 12. Typically, the heat sink is grounded. The 
electrical path provides a desired ground to the back 
sides of the chips. 

To maximize the thermal interface, a synthetic 
thermal grease may be used to coat the passive sides of 
the integrated circuit chips 28-38, thereby filling any 
minute crevices that are sometimes formed in the fabrica- 
tion of integrated circuit chips. The synthetic thermal 
grease should also be used at the interface of the 
silicon substrate 26 and the second heat sink 14. In 
addition to the reasons noted above for using a silicon 
substrate, another reason is the thermal conductivity of 
silicon is greater than that of conventional printed 
circuit board materials. Thermal energy can be conducted 
from the substrate chamber 24 via the second heat sink as 
well as the first heat sink 12. 

Utilizing the embodiment of Fig. 1, a multi- 
chip module 10 that is an integrated unit, i.e. a unit that 
does not require attachment to plumbing, may be manufac- 
tured with a significant improvement in the cooling 
capability relative to conventional modules. By lowering 
the temperature of each chip 28-38 and by ensuring a 
greater temperature uniformity among the chips, the chips 
can be placed closer together. Closer component spacing 
allows higher performance products, since the delays 
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associated with long electrical paths among components 
are eliminated. Moreover, lower component junction 
temperatures are achieved, yielding a higher performance 
module. 

5 The multi-chip module 10 encases the integrated 

circuit chips 28-38 and the substrate 26 within the 
aluminum heat sinks 12 and 14, thereby achieving a high 
degree of RF shielding. Operating frequencies of 500 MHz 
are anticipated. Radiation leakage from the multi-chip 

10 module could adversely affect surrounding circuitry. 

Particularly if the heat sinks are connected to ground 
•potential, the multi-chip module offers protection 
against the radiation of RF energy from the module and 
the reception of RF energy by components and printed 

15 circuit traces within the module. 

A multi-chip module 64 having a single-sided 
heat exchanger 66 is shown in Fig. 2. The heat exchanger 
includes a number of parallel fins 68 to achieve the 
desired surface area for the release of thermal energy 

20 into the atmosphere. Screws 70 are received within 

internally-threaded bores of plates 72 and 74 to secure a 
printed circuit board 76 to the heat exchanger. Unlike 
the embodiment described above, the printed circuit board 
76 is made of any one of the conventional materials for 

25 fabricating circuit boards to electrically interconnect a 
number of integrated circuit chips 78, 80, 82, 84, 86 and 
88. Electrical communication between the module 64 and a 
motherboard or the like is achieved via metallic pins 90 
that can be soldered into throughholes in the mother- 

30 board. 

The module 64 includes a conf ormal heat trans- 
fer interface comprising a thin metallic membrane 92 and 
a thermally conductive liquid 94. The metallic membrane 
is a strip of stainless steel having a thickness of 
35 0.001 inch. The liquid is preferably a solution of 

ninety percent distilled water and ten percent ethylene 
glycol having a thickness of 0.04 inch. The liquid 
exerts a maximum pressure of approximately three pounds 
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_ per square inch on the metallic membrane, but this is 

not critical. This pressure ensures that the metallic 
membrane contacts the entire upper surface of each inte- 
grated circuit chip 78-88 regardless of variations in 
5 height and angle relative to the printed circuit board 

76. Deformations 96 and 98 of the metallic membrane will 
occur to accommodate non-coplanarity of the upper sur- 
faces of the integrated circuit chips. 

A pair of o-rings 100 and 102 protect a sub- 

10 strate chamber 104 that houses the integrated circuit 
.chips 78-88. While the single-sided cooling of Fig. 2 
provides a somewhat lesser degree of cooling than the 
double-sided cooling of Fig. 1, both embodiments provide 
an integration of the structural support , protection from 

15 the external environment and the conformal heat transfer 
interface that allows production of an inexpensive but 
thermally efficient multi-chip module. 

The integrated circuit chips 78-88 may be 
the carrierless type or may be integrated with a chip 

20 carrier. It is also possible to provide a thermally 

conductive post between each chip and the metallic mem- 
brane. Such posts can be manufactured to achieve a 
flatness that might not be achievable at the passive 
sides of the integrated circuit chip. 

25 Optionally/ more than one metallic membrane can 

be used on a single side of the substrate 26, if inte- 
grated circuit chips on that side differ significantly in 
size. Moreover, the double-sided cooling of Fig. 1 can 
be used in embodiments that do not include the conformal 

30 heat transfer interfaces described above. That is, the 

advantages of first and second opposed heat sinks to pro- 
vide first and second thermal energy flow paths from a 
multi-chip substrate may be achieved without including a 
deformable liquid-backed membrane. 
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B. Mechanically Floating Substrate 

Figs. 3-5 illustrate embodiments in which a 
substrate is mounted within a substrate chamber of a heat 
exchanger to permit the substrate to mechanically float. 
Thus, the substrate can be maneuvered to selectively 
reposition integrated circuit devices, such as semicon- 
ductor chips. During assembly of a multi-chip module, 
the substrate may adapt to variations in the heights of 
the integrated circuit devices. During use, the sub- 
strate, the heat exchanger and the integrated circuit 
devices are likely to have different coefficients of 
thermal expansion, so that the mechanically floating 
substrate can be maneuvered to maintain desired 
device/exchanger interfaces. 

Referring to Fig. 3, a second array of inte- 
grated circuit chips 106 is mounted to the bottom side of 
the silicon substrate 26 described above. A second con- 
formal mechanism, comprising a metallic membrane 108 and 
a liquid 110 under pressure, is used to provide a thermal 
energy path from the chips 106 to the second heat sink 
14. The double-sided substrate 26 and the chips 28-38 
and 106 are allowed to float between the two conformal 
interfaces. Optionally, o-rings may be added to increase 
the stability of the double-sided substrate 26. Other 
than the addition of the second conformal arrangement, 
the embodiment of Fig. 3 is identical to that of Fig. 1, 
and the reference numerals of Fig. 1 have been applied to 
Fig. 3. 

In Fig. 4, a multi-chip module 112 includes a 
heat exchanger comprised of first and second heat sinks 
114 and 116. The heat sinks are held together by exter- 
nally threaded screws 118. The first and second heat 
sinks 114 and 116 include cavities that are aligned to 
form a substrate chamber 120. A substrate 122 is mechan- 
ically floated within the chamber. A serpentine spring 
124 biases the substrate 122 upwardly, thereby pressing 
integrated circuit devices 126 against an upper wall 130 



of the substrate chamber 120. Preferably, a synthetic 
thermal grease coats the passive sides of the integrated 
circuit devices in order to fill any minute crevices that 
may be formed during fabrication of the integrated cir- 
cuit devices 126. Thermal grease is also employed to 
pack the spring 124. 

The integrated circuit devices 126 and the 
substrate 122 may be of the same type described with 
reference to Fig. 1. For example , the integrated circuit 
devices may be carrierless chips that are electrically 
and mechanically coupled to a silicon substrate 122 by 
solder bump techniques. 

A multi-conductor interconnect 132 is joined at 
inner lead ends to the substrate 122. Outer lead ends of 
the interconnect are bonded or pressure-fit to a con- 
nector of a printed circuit board or the like. Intercon- 
nect 132 may be a multi-level member. 

A pair of o-ring seals 134 and 136 protect the 
substrate chamber 120 from particle contaminants that may 
otherwise enter between the first and second heat sinks 
114 and 116. Strips of sealing tape 138 and 140 are also 
used to protect the component surface of the substrate. 
In addition to protection from particle contaminants, 
the o-rings and the sealing tape prevent entrance of 
corrosion- inducing matter. In place of the o-ring seals, 
epoxy or polyimide may be injected between the heat 
sinks. 

In operation, aluminum heat sinks 114 and 116 
have a higher coefficient of thermal expansion than 
silicon chips 126. The temperature of the multi-chip 
module 112 may reach 100 °C. As the temperature rises, 
the serpentine spring will act to ensure that the inte- 
grated circuit devices 126 remain compressed against, the 
upper surface 130 of the substrate chamber 120. This 
also occurs during the cooldown of the multi-chip module. 
Thus, the thermal grease-packed spring 124 acts both as a 
strain release and as a means for moving the devices 126 



upwardly in correspondence with expansion- induced move- 
ment of the upper wall 130. 

Other spring mechanisms can be substituted for 
the serpentine spring 124 of Fig. 4. For example, an 
array of coil springs can be arranged under the substrate 
122 to achieve the desired biasing of the substrate. 
Preferably the selected spring mechanism is thermally 
conductive, so as to provide a thermal path from the 
under side of the substrate to the lower heat sink 116. 

Fig. 5 illustrates another embodiment of a 
multi-chip module having a mechanically floated substrate 
142. In this embodiment the substrate rests atop a 
metallic membrane 144. The metallic membrane may be a 
stainless steel member having a thickness that does not 
exceed 0.001 inch. The membrane should be made of a 
ductile, tear-resistant material having a high coeffi- 
cient of thermal conductivity. Between the membrane 144 
and the surface of the second heat sink 116 is a fixed 
volume of thermally conductive fluid 146. The volume of 
fluid is such that it completely fills the region between 
the surface of the heat sink and the lower surface of the 
membrane 144. As a result, the fluid exerts a pressure 
on the membrane which is translated to the substrate 142 
and ultimately to the integrated circuit devices 126. As 
in the case of the embodiment of Fig. 4, the mechanical 
floating of the substrate 142 functions both to provide a 
strain relief and to provide an adaptive mechanism for 
maintaining the thermal connection between the integrated 
circuit devices 126 and the upper surface 130 of the 
first heat sink 114 . 

The entrapped fluid 146 is preferably a liquid 
having a high thermal conductivity. A suitable liquid is 
distilled water with ten percent ethylene glycol. The 
ethylene glycol is antibacterial and retards oxidation of 
the aluminum heat sink 116 and the metallic membrane 144. 
However, substitute fluids are available. 
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1. A multi-chip module comprising: 

a housing having a chamber; a substrate disposed within 
5 said chamber, said substrate having a plurality of 
integrated circuit devices thereon; and means within 
said chamber for resiliently-pressing said substrate to 
maintain abutment of said integrated circuit devices 
against a wall of the chamber. 

10 

2. The module of claim 1, further comprising a 
flexible multi-conductor interconnect extending from 
said substrate to the exterior of said housing for 
electrical communication between said integrated circuit 

15 devices and an exterior device, said flexible 
interconnect being joined to said substrate to permit 
said substrate to mechanically float in said chamber. 

3. The module of claims 1 or 2, wherein said first 
20 faces of said integrated circuit devices are coated with 

a thermal grease. 

4. The module of any preceding claim, wherein said 
means for pressing said substrate includes at least one 

25 spring between said substrate and said second side of' 
said housing. 

5 . The module of claim 4 , further comprising a 
thermal grease packed about said at least one spring. 

30 

6. The module of any preceding claim, wherein said 
housing includes opposed first and second heat sinks 
having cavities that are aligned to form said chamber, 
said first and second heat sinks each having an array of 

35 fins. 



